arthritis models ameliorates the symptoms of inflammation [10] . However, clinical trials using IFN-␥ as a therapeutic medication for treating RA patients did not produce definite results that this cytokine has therapeutic effects compared with placebos [11] . However, these findings do not mean that IFN-␥ cannot be a therapeutic target in the treatment of RA. CpG oligonucleotides that strongly stimulate the production of IFN-␥ in vivo were found to elicit effective relief of experimental arthritis [8] . These results suggest that agents with the property of stimulating IFN-␥ secretion in vivo may have potential as therapeutic agents for RA.
The discovery that led to our present study was made by chance. In previous studies involving the treatment of RA experimental models with nucleic drugs delivered by cationic materials, we found that most of the cationic materials used had some ability to ameliorate the symptoms of adjuvant-induced arthritis (AIA) models. 
In the present study, systematic experiments were performed to clarify these observations. The results demonstrated that relief of inflammation is a universal property of cationic materials including cationic polysaccharides, cationic proteins and polymers such as polyethylenimine (PEI). Such effects became stronger with as the cationic degree of the materials increased. In our experiments, cationic dextran (C-dextran) and PEI had much better therapeutic effects on RA than MTX. Additional investigations suggested that this property of cationic materials was due to their ability to induce the production of IFN-␥ in vivo and in vitro. C-dextran and PEI were able to enhance the secretion of IFN-␥ by splenic cells by hundreds of times. Further experiments revealed that macrophage-secreted IL-12 induced by cationic materials may be the origin of the whole signal cascade. Taken together, these findings suggest that cationic materials, especially PEI and C-dextran, have the potential to be therapeutic agents for RA treatment. Most importantly, this novel strategy may lead to new investigations into drug discovery and pathology exploration for RA.

Materials and methods
Cationic materials
PEI, polylysine (PLL), gelatin, dextran with a molecular weight of 70 kD, chitosan, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride salt (EDC) and 1,1-carbonyldiimidazole (CDI
Immunohistochemistry
Paraffin-embedded knee sections were prepared and stained as previously described [17] . Briefly, sections were microwaved twice in 10 
Preparation and analysis of spleen cells and peritoneal macrophages
Spleen cells and peritoneal macrophages were prepared according to conventional protocols [18] (Fig. 1C-E) . C-dextran almost completely inhibited the development of inflammation (Fig. 1E ). (Fig. 3D, E) . (Fig. 4F) , unlike the case in wild-type mice (Fig. 4D) . Macrophage-depleted rats were used to determine the role of macrophages in the pharmacologic mechanisms of the cationic materials. As shown in Fig. 4B, (Fig. 4J) .
Cationic degrees influence the anti-inflammatory ability of C-dextran
The cationic degrees of C-dextran were altered by changing the quantity of CDI used in the preparation of modified dextran. This facilitated investigations into whether the cationic character of the materials provides their ability to ameliorate the inflammation induced in animal foot pads by adjuvant administration. Figure 2(A) shows the effects of C-dextran with different cationic degrees on AIA models at day 7 after administration of C-dextran. By using unmodified dextran and MTX as controls, an obvious correlation between the cationic degrees and their inhibitory effects on AIA development was observed. Surprisingly, C-dextran with a modification degree of 10.2% had a much better anti-inflammatory ability than MTX. To confirm this observation, the effects of C-dextran (10.2% modified) and MTX in the models were compared over 9 days (Fig. 2B). The effects of C-dextran exceeded those of MTX. Figure 2(A)-(F) shows photos of the affected feet in AIA animals without treatment or treated with non-modified dextran, C-dextran (10.2% modified) and MTX at 7 days after injection with the corresponding medications. Figure 2(G)-(J) shows haematoxylin and eosin stained sections of footpad tissues from the feet shown in Fig. 2(C) and (D), respectively. C-dextran was observed to have better anti-inflammatory effects than MTX at this animal model in all corresponding images.
Cytokine expression profiles of spleen cells and peritoneal macrophages simulated by cationic materials
IFN-␥ and macrophages play critical roles in the amelioration of AIA by cationic materials
macrophage-depleted rats did not respond to C-dextran administration in a similar way to normal rats. Figure 4(G)-(J) shows photographs of feet from the AIA animal models with and without C-dextran treatment. The swelling of the footpad was not ameliorated by injection of C-dextran when macrophages were depleted
Neutrophil infiltration at inflammatory sites is inhibited by C-dextran-stimulated IFN-␥
IFN-␥ R
Ϫ/-mice were used to investigate neutrophil infiltration at inflammatory sites. After AIA induction, the animals were injected with C-dextran. After 3 days, the inflamed footpads were sectioned and the neutrophil infiltrations were examined by alkaline phosphatase staining. As shown in 
Fig. 2 Cationic degrees influence the anti-inflammatory activity of C-dextran. (A) Anti-inflammatory effects of C-dextran with different cationic degrees on AIA animals compared with control animals administered MTX or non-modified dextran (n ϭ 12 at each time-point, with the experiments carried out in triplicate). Values are the mean and S.E.M. *P Ͻ 0.005, versus AIA models without cationic material treatment. (B) Comparison of the anti-inflammatory activities of C-dextran and MTX. Values are the mean and S.E.M. *P Ͻ 0.005, versus AIA models without cationic material treatment; **P Ͻ 0.001, versus AIA models with MTX treatment. (C) Representative footpad of an AIA animal without additional treatment, showing serious swelling caused by inflammation. (D)-(F) Corresponding footpads from AIA animals treated with non-modified dextran (D), 10.2% modified dextran (E) and (F). (G)-(J), haematoxylin and eosin stained sections from (C), (D), (I) and (J), respectively. (Original magnification ϫ100.)
( Fig. 5A, D) . When treated with C-dextran, the neutrophils were greatly reduced in the footpads of wild-type mouse AIA models (Fig. 5B) 
. However, in IFN-␥ R Ϫ/-mouse AIA models, the infiltration of neutrophils did not show any remission (Fig. 5E). Figure 5(C) and (F) shows control samples from a normal wild-type mouse and an IFN-␥ R Ϫ/-mouse.
Discussion
Cationic materials have been used as gene delivery carriers for decades [19] . Cationic liposomes and cationic polymers are the most commonly used materials [20] . In 1997, Filion et al. [21] reported [22] . The complexes formed by cationic materials and proteins are captured and eliminated from body fluids by macrophages [23] . Therefore, macrophages are the first cells activated by cationic materials and respond by secreting certain cytokines. Because intraperitoneal administration was used in the present study, peritoneal macrophages were chosen for these experiments. Our results revealed that [24] . IFN-␥ has been intensively studied for its possible anti-arthritis activity [5] [6] [7] [8] [26] . When foreign materials are 
Fig. 3 Cytokine expressions in response to stimulation by cationic materials. (A) Expression levels of IL-12, TNF-␣, IL-6 and IFN-␥ in peritoneal cells stimulated by PEI and C-dextran (n ϭ 3 for each sample, with the experiments carried out in triplicate). Values are the mean and S.E.M. (B) Expression levels of IL-12 and IFN-␥ in spleen cells stimulated by PEI and C-dextran (n ϭ 3 for each sample, with the experiments carried out in triplicate). Values are the mean and S.E.M. (C) Serum concentrations of IFN-␥, IL-12, TNF-␣ and IL-6 in normal animals, AIA animals, AIA animals treated with C-dextran and macrophage-depleted AIA animals treated with C-dextran (n ϭ 7 for each sample, with the experiments carried out in triplicate). Values are the mean and S.E.M. (D), (E) Immunohistochemical examination of IL-12 in sections from animals without (D) or with (E) C-dextran treatment. (F), (G) Immunohistochemical examination of IFN-␥ in sections from animals without (F) or with (G) C-dextran treatment (Original magnification
ϫ600
(C, D) Representative footpads of AIA models in wild-type mice without (C) or with (D) C-dextran treatment. (E, F) Footpads of AIA models in IFN-␥ R Ϫ/-mice without (E) or with (F) C-dextran treatment. (G, H) Footpads of AIA models in normal rats without (G) or with (H) C-dextran treatment. (I, J) Footpads of AIA models in macrophage-depleted rats without (I) or with (J) C-dextran treatment. macrophages stimulated by cationic materials up-regulated their expression of IL-12. IL-12 is an important cytokine in immune reactions, and has the ability to activate NK cells towards secretion of IFN-␥
(E, F) Corresponding sections from C-dextran-treated (E) and healthy (F) animals (experiments were carried out in triplicate
